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(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress a light leaking from a 
propagation layer to a clad layer from generating a light which 
propagates in multiple mode between a substrate and a light- 
confining clad layer by making a Si-doped GaN film thick, to improve 
the characteristics of a crystal constituting a laser. 
SOLUTION: A growth suppression film 104 is formed on an n-GaN 
layer 103. an InGaN re~grown layer 105 is formed from a part, where 
the growth suppressing film 104 is not formed, thereby lessening the 
dislocation propagating from the substrate interface and improving 
the characteristics of a light-emitting element formed thereon. 
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®A 1 Ga N(Di'7S' KgF^tC:feJSS<!: I nG a NSS: 50 



#M 2001-148544 

10 

tzif>xh^tn^hti^o 

mmm^m^'x i^-i^^imLtzmic-^^^xm e tcs 
<Ji^TfEi2Bt-5. mmml:s^xJ^2tmmic^ s« (eo 

1) CO±{C/<y y-rl (602) . nMGaNl (60 

3) ^J^mk. fiitftlSBJ:'9£«*»'9tiiL. Tli^G 
a N(Cj!tLT< 1-10 0 >*[S]{C5 mCDFB^|igT'*M 

2 . 5 mwr^-zi'^ r y =" VO^SSffllSySI ( 6 0 

4) ^^hy^y-mzmi&i-?}. tn'iks ii^B^BfiicftS^B 

rtfcS^S^jSL, J¥$|^0. 2 I nG a Nflj^ft 

1 (6 0 5) ^S^5L/ifg. 15^1*10. 4,im<DnM 
AlGaN^'y-yKl (6 0 6) . nSiG a N^tfiftS® 
(6 0 7). I nG a N^a*^#F?§ttS (6 0 
8) , pSiGaN^^SaeS (609) . pSAlGaN 
^^yVm (610) , pSGaNay^^' M (6 1 
1) . SrRicfiL, ^^■ftT'a-fe^^rgT. HeiC^flf 
it^ftSL/io 6 1 2(inS='>'^':? 6 13(4 

^»Bi, 6 1 A\tpm^y9i' vnmx'^^o. ^ttisx- 

\tfiSi^nmm^Wm^nx\i^^^^(r>h\z^ pSGbN 

=> hS (6 1 1) ic^-fS;^ h^'TT'ifelCpS;: 

vmm (6 14) ^jfMLfco 

[0 0 3 8] ZOJ; ^IcL-Ci^MLfcU— tflf^co*^ 
»±, I nG a NSf(Dmi|^ft^tfoTI/^/£t^^— tfIC 

lt-<Tl Off)ii±ft</£.o/!:„ -tL(4. mW&il^nm 
^^&iimmLtz:Lt\ci:^tnK.hi\.^. t.tz. Ai 
G a Ni? 7 K14r !) LXm^t ^ ^ y KlOfflT' 
(S«ic*tLTSiI*[fi)) £D#fi^- K 

weit^fe^^ |g)5)cS»^J)iISt/ 1 nGa NfffifeftJiT-® 

iCl (fo?)VM4ffittS;^i6)(rSlt) ^tiSfcto. u— 9-*7t 
[0 0 3 9] :^mmmX'lt. /tfiffllM^A^^gL-Xt^S 

^liicliltT o ;fc 0i| IC o V ^Ttaiil- 5 o 
[0040] II 7 lC7n1-*T-l4. (701) . ^< -y 

7Tg (702) , nSGaNg (703) ^figftmiC 
^!fe:SWJJf (7 0 4) ^MfiZL. m\'^Xnm<r>l nGa 
NSfifeftli (7 0 5) SriiiR^*t. nMAIGaNi? 
y-yKJl (7 0 6) WfifeSSrfToT. nMCaN^BWi 
ii ( 7 0 7 ) . I n G a N#Ml:^^#FfSttS ( 7 0 
8) . pSGaN*efflS^ (7 0 9) . pMAlGaN 

^7 y KB (7 10) ^f&^L. n&i^mmm (70 

4) S:?FML. pSoDInGaN® (705) ^SfiicS 
ttr, pS^y^'^' hm (7 1 1) 4rJ*ftUT. ^-yf" 
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y ^-'S t>'affi?fM^ CO ^ a -fe X ^ g T ^ - f-' ^ f^il L fc 
t)<0-efc5„ 7^*3. 7 1 2linS=iyi5'^^ h^lS, 7 1 

(0 0 4 1 1 ia7(C^+«it^^gffl1-S - i:!Cj;o-C. 

[0 0 4 2] ttz, mSiCTfkir^^^lt. (8 0 

1) s ^<'y7r^ (8 0 2) , nMGaNS (8 0 3) 

^f&wmzfi^^mm (8 04 a) ^mi^L. m^xn 

S 1 nG a NSfiicfiii (8 0 5) S:ilR/SSL. nSA 
lGaN:77->KS (8 0 6) WRgft^ffoT. nSlG 
aN*eMS (8 0 7) . I nG a N#»ft^-#FStt 

® (8 0 8) . pSGaN^ejg® (8 0 9) . pSA 
1 G a N i' 7 KJi (810) ^fiKft L. S^fi)cftW$iJ 

Si (8 0 4 b) ^ffML, pSlnGaNl (811) 

^rSfijcfiLT, pM^^^'i? h«8 1 2^/*fiLT. 

Ltzh<r)Xh^o 8 1 3(inS^3y5?^ hmn. 

8 1 4 (±*feJ|tSI. 8 1 5l±pM=>>'^i' hm^S-C-foSo 
10 0 4 3] m 8 OffifitT'tt, fe^OfS^JCjP^T n M 
^ 7 ■;/ KTIfRcD^ftWlfiJSi (8 0 4 a) ^^jS, 

•r5 i: T'#fi^- h'^mi p 7 KSrt<75fife 

mmm (8 0 4 b) i:^mh^i,^(tmBmizi-?>zt 

[0 0 4 41 SlCia 9 COtgiiT'ti. 9 0 1 (±S'IS> 9 0 
2(ty<y7 7m. 9 0 3«nSGaN^. 9 04 a, b 
ItH&SinUm. 9 0 5(inSJ I nG a NS/^Jcfil. 9 0 
6«nSA 1 G a N^'7 5' Kl. 9 0 7(±nMGaN^ 
B^m. 9 0 8(4 I nGa N^ttftiF^FS'ttil. 9 0 
9»4pSG a NJtefflSl. 9 1 OWpSA 1 G a 7 
KB. 9 1 1 (ipS^G a Nay^ hH, 9 12lln 

m=''^'$'^ hmu. 9i3iii&mm. 9 14(4pM3v 

[0 0 4 5] nSi'7 y Kli(^(C2a<75/5feftrnfflflf (9 
04ai:904b) ^jgAI"?) C t X\ ^^^&t-^-m 

(0 04 61 a±i4. ±x i^-^i^m{cm-ri>mmmx 
fcSo mw,mmmx'it. rnhMocvumicxmrnit^ 

!^^mt^^^Bif&S:LX^^^A\ MOCVD&iCJhSfb 

-f. MB Em. Hv p Emm-mci^^mt^mMiftimzm 

MOCVDjfecO^^, Ga NBiWjltfififeftSr^JET-CtT 
5»^i4S#^^;45, I nGaN)g[{4mtt!j5iSi<1tSr[6]^ 
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.|g0J(±. U-f-'(C|5Sb-f . mit^-<^-V' (LED) ^ 
^ixi>m'^±mzn\^X^^X'h^o 

mm^\7) ^^ffi^iJT'fi. G a NSIS^ffll^-C. fifes 

la 1 o(c*jv^t:, loouiCaNS 

10 WL. 1 0 0 2l4/<-;/7 7B, 1 0 0 3ttnS!G a N^, 
1 0 0 4 i4fi)cftjrp$ljfll> 1 0 0 5 !4 I n G a NHfigft 
1, 1 00 6(±nMA 1 Ga Ni'7y KS. 1 0 0 7(± 
n^GaNJtfittSS. 1 0 0 8 {± I n G a N|^£l:^-# 
F?SttS, 1 0 0 9l4pSG a N^tfiiJil. 1 0 1 0 {4 
pSA 1 G a Ni> 7 -y KJl. 1 0 1 1 (4 p SiG a N = > 

^^vm. I 0 1 zitnm^y-^ ^ vmM. ioi3(4 

[0 0 4 7] Ga NSffi±(CnSGaNJifiic*f^, Jiicft 
S^MJ;»:)Sffi^©'9mL, T)i<7)G a NlC>tf LT< 1 - . 
20 1 0 0>ir[6](C5 MmOrBlPa'Citii2. 5/im(OSiN^ 

(75fi)cft«i*M (1 0 0 4) i:7.V7^y'mz.mf^Ltz 

ISB^B^fefiySSf^i-Sffi^rML. ff^^^O. 2;im(7) 
I nGa N (1 0 0 5) ^fffiicftLflti. ff$*^0. 4 
/i m(DnMA 1 G a Ni'7 y Kl (1 0 0 6) itM\SL 
(Om^l^^L. S^fbT'n-trx^g-cllI 1 OJC^ffllit 

pSGaNn:/^^ hS (10 11) IC^ 
•t-5>^ h7'1'7'4^t(Cl:® (10 14) irmf^LtZo f£. 
is. m \ 0^(Dy<yyrm (100 1) (i^B&L-CbM 
30 L^;t/cei/\ 

[0 0 4 81 C»J; ci(CL-Ci'^i:iLfcu-if(4> I nG 

^;45 2 0ffli(±ft;)^of-„ -ix(4. SttSifif^rofe^S; 

m)S.mfii/A-^x\m.\^xis'o. mi*, i'7s'Ke 

[0 0 4 9] ^mmmxit. f^^mm*mmtx\^^tj: 
^^^fl55)•co±g^5^c|g3t^fl5?riS:^t^0iJ(col,^-rlH^liL/i„ 

40 mii(nf^Ammt lxh. s i N4i(^i-(cs \ o.^^ 

L?ii,\ **Jg«aji:|5]^w:i^ftTpSGa NS;K 

(Ilffl1?ij8) :*:|lfefiJ-e(4, GaNStg^fflV^T, fi}c:S 

[0 0 5 0] HJfe^i] 7 t mmz. G a NS*g±lC n ^G 
50 a NS ( 1 0 0 3 ) ^^^^s fiJc^ft^^SJ: 0 S^^Sr© "9 
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taL« TSWG a N(C5?tLT< 1 - 1 0 0 >;^[BllC5 M 
m(DmmX% ♦12. 5 ^m<D^V■:^fy (Mo) B (1 

0 0 4) Vy^y'm^fiiLf-Jk. ISe^Bfiiifilggi^ 

i-St55rSL. If^l^O. 2 mCO I n G a N 1 0 0 5 
^rHfi!£*Lf-fg, iP$*^0. 4 m mCOnSJA 1 G a N ^ 
7 y K® (10 10) ^^tsi^cnm^fk^ Jg^^^kT' 
D-tx^gTia 1 OirjF-r^fiiSrf^KLfco *t»it-Ci4 

f&§:mummm\^x\^ ^w^(n±.\z. p sg a n => 
v^/^ M (10 1 1) \z^-r^^V7-(:/'mzmM 

(10 14) ^ffMUfio fii^. 0 1 otfro/<>7rJi 10 

(1 0 0 2) (i^BSLT tML^^^T-^l^ 

[00 5 1 1 -coioiCLTl'^iiLitU— t^'li, InG 

^Tiu ofeui±ft;5^ofi<, zti\t. m^mm^o->m^m 

^;t7)^*-ll/4ST'fg;MU7to n^AlGaN 

w, Ti. Ni, Ai, pd. Au^, mmit^m^m- 

KE-t"5„ 30 
[0 0 5 2] ^J£FiJ7St>'8 i:|WHt(cG a NS*^ ( 1 0 

0 1) iJdnSGa N® (1 0 0 3) figftf^. fifeft^SIl 
J:'9KS^Sff9ttJU. T1(7)G a N|C^LT< 1 - 1 0 
0>:;^lPl(C, 5 /i mOFB^PST'. 2. 5MmC0f^:?>' (T 

i) ^ (1 0 0 4) ^T.vy^y'm^My^. ^xjm^ 

Of^, ffU^, ^lSI?iJ7St;<8<!:(sl#o;^feT-ff$ltl0. 
2/imCOInGaN (1005) ^SfifeftLfcft. 
*^0. 4 /i mronSA I G a Ni' 7 5/ KS ( 1 0 0 6) 40 
^r^trfdiroS^/^fiL. ^^fkT'n-fey^^STlll 0(c 

l'''/il'^^a5^ro±(C. pSGa N3>'^'^' M (10 1 

1 O^CD/^yyj'm (1 00 2) (i*"lll&LT'bllL5;t 

[0 0 5 3] ^(r>i:okzLxVFm\^tzu—fm^(omi 

14. ! nG a NI^(DiliRS^fi:^tfoTV^/£V^U-1f{c 
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•tJFM1-^fi)cfi}Iil$<JJf t LT(±, Tia^tC, W. M 

^tg-C'fci9. nSGa NS«±i|sl#(Cil#14^5:>^*i(cec 
(HJSfiJlO) ;^*Ji0i|T'{i. GaNfilSlrfflV^T, 

o^^T^l 6^#BatTfBiE-r-5o SI 1 6 ici^^i-J: 5 

**J£l^iJcD^-T-tgitl4T«nSlG a Ng 1 6 0 3-h 
(cffM^ixf-&at4c7))5)cftWf|i)flil 6 0 4;)5, fffilcfin 
S I nG a 1 6 0 5 T'^^iKciScS^ tlTV 
l^v ^THJSff'J 8 J;t;«*J5SM 9 i IB] CT-fcS. 
[0 0 5 41 121 1 6 IC^I- U— l±. G a NSffi 1 
60 1.^<y7T)il 602, nSJGaNSl 6 0 3. 
;5fe*jrnifiijfll l e O 4 . I n G a Nff JjJcftS l 6 O 5 , n 
^A 1 Ga Kg 1 6 0 6. n^G a N^fefiKSl 

1 6 0 7. I nG a N#fi4^-#^gttl 1 6 0 8, p 
SG a N^e^S 1609. pSiAlGaNi'yyKS 
1610. pMGaNni^^^' hgl 6 1 1. n^^:^ 
9^ Vnm\ 6 1 2, pSmHlfi^l^l 6 1 3. pS^ 
^^J'^' hmffil 6 1 4;i^?5^tfiSt$tt5o nSAlGaN 
7 y Ke 1 6 0 6 TlCgftt t>tlfc^JS^ftjrn*Jlii 1 6 
0 4 14. U— D-'^i^lCfctt e K(D3tW Cii* 

^ t# 5 ii6 (c . SfJiEro ^iSfiJiJ 8 J; U^^JSI^iJ 9 {clij 

K.XUTff>i^m^^^6 Z t A^i^A-^tCo 
[0055] 016 9 iC. ffittH 1 6 0 8 COT^lZ 
IStt ^iX!t. '>/i < t 2 '0(D^m^<Of&^nM^ 1 6 

0 4<75Ffl|^^-Cfc5Sgpw±:*r(c:d!rg-r5J: 9 1::. pMl; 

<si 6 1 4(nmm&AmB (iiewp) /Ss^ttibtL. j. 

o. H^«n§!J I nG a N3f 1 6 0 5(4. MtB^jittO 

^1 >B{Iia«^^W1-€)^i:{Cc};o-C. S14gl608 

{4. ^mt^^Wm&A>(6. pMSm e l 4co;^ 

'3!im2>Hfriea^*'r-t-5r tJCio-C. S^ftnSl 

nGaN)116054i9 t±:^(r)fM$nfc2fki|*>4^^^ 
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3 >ButaS;^^W1-5 - irlCctot, pMS^ll 6 1 4 

[0 0 5 6] me (om^mit. mm(Dtii^. m^(nm 

[0 0 5 7] :^mm{Z7r: L/c^JSttfigftWSljai 1 6 04 10 

^^K.XhX^^L. Si, SinN,^, T^/uyr^f}^ 

(Om(OiiM<nmfi^i^i-^W.im^mt^ (A 1 G a I n 

N) s^fi?^fflv^TtJ;^^L, mm^mf^mmm[-(Dm 

10 0 5 8] ^tsllJSfijT'ti. G a NS*gfiO«Effl;i»'b n 20 

1 6 1 2iSrfMLfc;J5, Ml <DXo\zpmmmt 

[0 0 5 9] *||Ji^iiT'*$nfcffi^C9ff0ttttV^:MT' 

^mmt Lx^m^im l i^—f^im Ltzimmiz 
[0 0 6 0] mw<\7 Rxy-8 tmm\zG a Nm^± d 

10 1) (C/-< j/7TJi (110 2) . nScOG a Nfll 30 
( 1 1 0 3) Sr*\)4 mfifeft^, nMWAlcs Ga 

a» N(1104)?r0. 7 /i mfi)c*L, iitV^-CG a N 
(110 5) , 1 nG a N#|lfi^#Fffittl 
(1106) . dr-\'yTyDy^'jl (1107) , pS 

G a N^Bmm (1 10 8) ^fM-rSo mica i o,,5 

Ga..85 NiiJ/iSpS^^y (1 1 0 9) ^if^) 
0. 1 5 u ml^S:Ltz1ik. -M.&mi[:^!^^mi^<ni^-S: 

^^±Lxm^if^Amm^'om'oiiit. tscoaig 

a N»C*|-Lr< 1 - 1 0 0 >::^(&HC, 5 f/ mCOFBlPST', 

*g 2 . 5 mW^ y (M o ) (Df^S:^^^!^ (11 40 

10) hy^T'^KlcffM-r^o ^wt^. Igs^Bfiicfti? 
firt(cStS^ML> J?$|i1)0. 4 mCO I n G a Niffijc 
:S1 (1 1 1 1) SrfffifefiLfctg, pMGaN='>-^^' 

h-g (1 1 1 2) ^f&9:Lxmm^'^^gf^9:mmx^^ 
t)tBL. m^ft:7°D-fej:=^4E-c!ii nz^^-rmmn'fm 

(C, pSGa NaV^^' hm (1112) tC^-fS;^ h 
7-<7'4^lC|fei:Bi (1114) ^JFML, MPlfPlcm^l 
(1115) SrffML/c„ (11 13) (iGa 

NffitSSffilCJI^fifeLfco 'tis. Hi 1 "fiW^^y^r® 1 50 
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1 0 2(i€iii§LTt>ML:5:x./.ei/^ 

[0 0 6 1 1 ZCDXotiZLXil^mLfzl^—fm^om^ 

It: I nG a NSloiiti?fi)cfi:^tTo-ci.^/<ev^u— t»-*(rtt: 

mA 1 G a NCO:^' y y KSf^lC^Sli I n G a 

m:)7\^ {mmtWii:^\^) (D^mcnnbAmm^zf^^tz 
tztbX'ki>tn^hh^o itz. ^mmmtmm<n:f7m 

mmmi 2) j^Ktefij-ci±. caws^^ffli'^-c, 

MicoiNTdi 7^#.B3XTijiB^i-5„ ^mmm(r>m^ 
m^iipmA 1 Ga NSi 7 0 9±(c)fM^n/cifeJst4 

ro;$ftffll»J^ 1 7 1 0 ff^fi p S I n G a 1 7 
1 1 -e¥tllcMS$tiT(/^/,ci-\^4r^i.^T3liS«^Jl 1 i: 

[ 0 0 6 2 1 H 1 7 iZTfki- U— tf*^-|i, G a NStfi 1 
7 0 1, /^i'^rS 1 7 0 2, nMG a NH 1 7 0 3, 
nMA 1 G a N^' 7 J/ KJi 1 7 0 4. nMGaN^jHjJg 
S 1 7 0 5 , I n G a N^ai^-^FSttS 1 7 0 6, 
^•^-yryn -y^'Ji.l 7 0 7, pMG a N*fej|SS 1 7 

0 8, p S A 1 G a N 7 y Kll 7 0 9 , ^ft«)S"JIK 
17 10, I n G a NSfiKfte 1 7 1 1 , pSGaN^ 
V^^' hJil 7 1 2, nM^^'^'i' htt^ll 7 1 3, p 

mmmmmmi 714, pS:^^;?^' httisi 7 1 s;!* 

hm!$.^iXho p^A 1 G a Nit'y -y K® 1 7 0 9±(C 
IS:itbiXfi^«t4fi)cft»f|iJIIl 7 1 014, u— t^Wtc 

Jiscaji lizmtxmxLtz^K m^<i^^^nm\zii^mv 

9j)m^^i-^ztA^ibA^^rz. 

[0 0 6 3] mi 7 (75 J: 9 IC, S-tt® 1 7 0 6 CO±*(C 
aSftbttfc'>/£< 1 1 2 0(7)^JittliI^ftfflJ$l))K 1 7 1 
OOfs1|5|:T'fe€>Sf|5W±;^{Cfig-t-SJ; ^(d, pSffilil 

1 7 1 5 comjjitaAFBlIt ("taWp) ;!iSSltbn, J.O, 
Bfrl5^JRttfifeft«l*iJliilrSfife:5 pM I n G a NUi 1 7 1 

<?A*>a.?f^W-rSr tf;J:oTSfiKftpS I nGa 

Nail 7 1 1 ti.i^icmf^sL^ixfzmt'^^m^mffi 

^ ^ J; 9 -a * < -t- 5 r <>: Tit -tJ- ^ 5 „ 
[0 0 6 4] in 1 7comit[ll4, m.m<Dtzib. S^Offii) 

nsi(4PSb/iv\ m^Ltz^mt. m^iimntnim 
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[0 0 6 5] ^nmmx'TjkLtz^miti^mmmi ? i 

Et^xTtiV^L, Si, S i3 N, T^-/U7 7^ 

^(Oft!l(7^|£Sro|I)5g^^1-5M{ki^*ji»: (A 1 G a I 
nN) SIS^ffll^Tt iV^L, S{t:i^^J»{*Ktgti^(0 

[0 0 6 6] i^mmMX'ii. G a N£1g(Olffltti);)^^> n 

[0 0 6 7] :^mMmx'^^^ixtzm.^m^mtv^mx' 

(iijfii?iii3) :$:mmmx'its T^/u^ r ^ •>"> y => > 
i^Tteai-rs. m 1 2 icfci>T. 1 2 0 1 f±G a nx 

tR. 1 2 0 2J±A-;/7ra. 1 2 0 3 li n MG a NS, 20 
1 2 0 4 li^ftffllMJi. 1 2 0 5 li I n G a Nfffigft 

a, 1 2 0 6(±nSA 1 G a 7 y Kl. 1 2 0 7 (± 
nSGaN^e^Ji, 1 2 0 8 f± I n G a N^Mft^* 
FStt®, 1 2 0 9»±pSGa N3fee«5S. 1 2 1 0 (i 
pSA 1 G a 7 y KS, 1 2 1 1 (IpSG a N^y 
h®, 1 2 1 2(±nS='>^'i>' 1 2 1 3li 

mmm. 1 2 1 4(±pM^v^'^ h«iST-*>So ^jsfij 

7St;t8 ilfllftC, GaNS^g (12 0 1) ±|CnMG 

a (1 2 0 3) fS.mk. fi^mmsix "9 n i±j 

TJicOG a N(C>F)-L-C< 1 - 1 0 0 >::fy|6l(C 5 ([J m 30 

num (1 2 0 4) ^:^v7^ymm\^SL-t^o 

I nG a (1 2 0 5) 5:fffi&ftLfcm, )¥$*\I0. 
4 y mOnSA ! G a V 5/ (1 2 0 6) ^"^tf 
ftfe(^li^;5)cSL, ^-?ft;7'a-fe;^SrST, Hi 2{^.T%1- 

^■9i(r)±.\Z^ pMG a Na^'^^ M (12 11) {CS 

vy-(^mzmm (1213) ^wm\.. mu 

aiCpMl;* (12 14) ^ffMLfco /"^ifc. 01 2t> 40 
(D/<77rH 2 0 2l±€»&LT>b^L3£;t''^V\ 
[0 0 6 8J -OJ; 9(CLTl^MLfcU— »f^i=-cO#^ 
14, I nG a NBI|cOjS^?Sfi!c«?:^fo•C^^/i^^^'— »^*{c: 

^^m^^w.\^fz^t\c^:bt^7Lhiii,o s/i. Ai 

GaN^7:>'Kl^y-i:' LXS^g ti^yy Ym(r>fi\X 
|gfet-Sit*l^ (£«lc*fLTfiil:*|6l) <0#fi*-K 
(D^WittK %%l^^mmR-a I n G a NWfig^SlllT'nii 
liX (fo5v^(4StiS;^lSl(cR|t) $tt5fcit>. u—ifife 
(4«|C*-^- K-e|gS Lfco 50 
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[0 0 6 9] *HJgfi)T"l±, RicSWl^iJMii^^li LTI- ^5 

^#(D:^^T-p5/G a NStS±iru— !f^i^^(^Ki-€> 

ftWSiJ^^fflv^-r u— !f Sri^^ Lf-^t!lWi5i|^cov^TBl 1 
8§r#BSLTUiB^-r5„ *^JSC?!)W^T-«jtf4nMGa 

N® 1 8 0 3±(cfl^fig$jxyir*/i^7r^s i ro^ftfti 

ifilJSIl 8 0 47)\ H)S;finM I nG a Nil 1 8 0 5 

i^v^-rnJSi?'] 1 3 i:i5n:-c*)So 

[0 0 7 01 018 \C7n-t U— G a NStg 1 

801, /<.y7Tgl802, nMGaNll803, 
/sicftai^JM 1 8 0 4 , I n G a NSfifeftil 1 8 0 5, n 
SA 1 Ga N^' 7 5/ Kg 1 8 0 6, nSGaNJtfc^S 

1 8 0 7, I n G a N#Sft^#Ff§ttl 1 808, p 
SG a N3t{nj^Ji 1 8 0 9, p SA 1 G a N ^ 7 •;/ Kl 

1810, pMG a N3 ^' hS 1 8 1 1 , nM=>> 

h«®i 8 12, pmwmmmi 8 1 3. ps^^ 

V^' ^' hm<gl 8 1 4/)^btifii<:$tl?)„ nMAlGaN 
^'y y Kll 8 0 eTlcKltbix/cT^/w^r^v-y => 
>'Ofiic;;5r)l$iM 1 8 0 4{±, ff*^-(Cfc(t5?K¥li 

3{CMl|LT#ALfct<7)T'fo5„ L75»L/£7i'^ "b, 

[00 7 1] 01 8(DJ:5J-, InGaN#S*^#F 

1 8 0 8 J; 9 T*ic^(tP>n/ifi!cfi»JliI 1 8 0 
4d^. SfiSiftn® I n G a NS 1 8 0 5 T'¥-ta(CttS^ 
n^'^t^S^Sr^L, ffj^lcSnS I nGaNJil805-e 
¥titC^S^S$nfcm^M 1 *fc(4m^M 2 O 5 *>'>^i < 
t t^fpinTi^l 0(75Sijs5W±:^(C, pSy S'v'X h7'f 7" 

<'^*:>ffi^*W-rS:i tlCio-tSfig^ftnS I nGa 

NSi 1 8 0 5 J; "9 t_h*(cffM^nfcafl:!|^it^j»»Ji<7) 

[00 7 21 01 8 (oii^0{4, uiwwfc*!), m^(r>m 

natJiffibJiv^ flfr^Lfc^bmfi, 
[0 0 7 31 ^ftmyi^ (1 8 0 4) ^-^m-ti) 
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mmi:^L<i:^ot. Ml i:M2(7)jtl±l : HC/£>). 
[0 0 7 4] *SJgj^jr'^P L/ri5)cfiWli&M 1 8 0 4 (1. 

^mW- (A 1 Ga 1 nN) SS^ffl 1/ J; V ^ S^t 
[0 0 7 51 ^mfei^'lT-ti. G a NSS(7)SffiftlJ*>ib n 

^mili 8 1 2^ffMLfc75v [g|i(7>J;5tcpSI®1it 
[0 0 7 6] *^te0ijT'^$ix/cg^(Off^#CliV^S-t: 20 

mmm i 5) *||Jg|?i)T'f±, G a NStS^ffll/^T. fife 

•Ciai3, mi 4S:ffll/^TfHilii-5o II 1 3 iCio^^T. 
1 3 0 1 l±G a NStg. 1 3 0 2 liz-^-y^rS. 130 
3(inSGaNS> 1 3 0 4 lifiiqi^iJ^, 1 3 0 5l±p 
MSO«nS I nG a Nff^feft®, ISOeiinMAlG 
aN^'^s/KS, 1 3 0 7(±nSG a N^fefeftS^, 13 

0 8tt I n G a N^fift^^FSttl. 1 3 0 9 (i p S 30 
GaN^iS^S, 1 3 1 Oiip^A I G a 7 •;/ K 

1. 1 3 1 1 (ip^G a N3>^':? S®, 1312{±n 
V^'^' hSIS. 1 3 1 3 (ilfel^lg, 13 14{j:pM 
n^^'i' hmtf-efeSo H 1 4(Cjol,^T(±> 14 

OKiGaNSt^. 1 4 0 2(i/<y 7rS. 1 4 0 3 (i 
nKGaNl, 1 4 0 4 a. b (i^;SWl*JI^> 140 5 
iinSI I n G a Nff^iJcftii, 1 4 0 6 (i^ A 1 G a N ^' 
7yK®, 1 4 0 7l±nMG a NTte^S, 1 4 0 8 (i 

1 nGa N0fift^#FftttJl. 1 4 0 9(±pMGaN 
^fittS®, 1 4 1 OflpSA 1 Ga K®, 14 40 
1 1 lipM I nG a Nff)5gft®. 1412(ipMGaN 
=^y^^hm. 1 4 1 3(inM='>-^'^' hSIi, 14 1 

[0 0 7 71 01 3J^X/mi 4{i, G a NS« (14 0 
1) ±(Cn^GaNS (1 4 0 3) fiSc4:Sfg lC)5icfi«]$IJ 
Si (1 4 0 4 a) JfMU, ^l/^T I nG a NSfifeftS 

(1405) , AlGaN^'Vi'K® (1406) (Dfife 
fi^^troT, n^GaN3teMB (1 4 0 7) . ffitt® 

(1 4 0 8) , pSGaNTtfiiSJi (1 4 0 9) , pM 
A 1 G a N ^ 7 y K® (14 10) ^^SS L. n&f$.A 50 
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(l 404 b) ^JFML, pMI nCaN (14 
1 1) SrSfiScftLT. $Pj{CpSJ3i/^':J' H (14 1 

^^TU— ^)-'^^#$!!t/iic7)T'fe5„ /i:}o. Ill 3 cf*^ 
1 4tfC0/<y7rS 1 3 0 2*JJ;0«1 4 0 2 fi^^ 

[0 0 7 81 Hi 3(C7f;-t-«it5r«Sffli-^r tICio 

X. nm^y y \<'m{^!^mmfi^^m^. Lti^m^iia^ 

5„ •t-/i*:>*3. nS®*)5i^l±pS®o;SSW)S<JBi(^- 

^r^^js, i,o-ij^i&mmzi-^ztx\ m^o){m 
i,cmA.xm^Mm^titmciMb(Dm^^r-nhhi,. 

(0 0 7 91 El 1 4<nm'^X'lt. m^(ni&m^Mz.Xn 
mfy y V'Tn^ij^^mm ( l 4 O 4 a ) Sr^JS, h 
S V ^{Igtt® f> til 6 u-if jfe^^itX * I±5lt1-?)*t 
$^i1-5-i:-C#fi^-K^»SiJLoopM^'7-y K® 

±.<Dfkmmm ( 1 4 0 4 b) ^^mhi>\<H-ttm.m\z 

[0 0 8 Ol MlCia 1 SiC^fct nSi^^-yK® 
l^{C 2 ®W^5ffl)ftiJI^ (1504atl504b) 
At-^::i:X\ l5^S-S;a5-ifgi^§ti. I114(C7fL 

u-f-'^i^ t iHj^w^^^tt 5 r <!: 5o 
i^vC^o, la 1 5(Cjol,>T, 1 5 0 1 (±G a NSffi, 150 
2l±/<5'7r®, 1 5 0 3flnSG a N®. 1 5 04 a 
4S=tt>'l 5 0 4 b(i)^icfiWl$iJ8i. 1 505{±InGaN 
W^ft®. 1 5 0 6 (±A 1 G a N 7 5' Kg, 15 0 7 
t3j;t)«l 5 0 9{i-&tt€tLnSJoJ;!>'pSIC'*;^'(' K 
®, 1 5 0 8 <i^fii:i=-#FfiH4®, 1 5 1 OttpSA 

lGaN^'7-7K®. 1 5 1 1 tip^a^:?'^ hB> 1 
5 1 3(±^|t^, 1 5 1 24oJ:t>'l 5 1 4i±-en-etin 

S*3J:t>*pS<7)l:1iT-fo5o :irT\ /^y^rSiso 
*ffiT' p MG a n£«±(c u-f-'«^-5rf^M-r S :: 1 1 

[0 0 8 1 1 {iiiii, ±Tw-f-'{^^tcKi-5llte0i)-r' 

fc?>„ HutaiUg^i)t:f±. l?f>MOCVDfelC-C^*^t;^ 
t)^*f$:,fSfB^;?!iSLTi.^5;i\ MOC VDffiic:±iib 

MOCVDffiW:*-^. Ga NJIroiitRfiicfi^^BETT'tT 
I nGaNliIliS*?147»»ii;<«l*lfilfife 

tft^PSibT, ^^^-iir-Y (LED) 
(ltte^i|16) if.%m\X\t. *^0^{Cj:5^JS14fifeft 
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[00 8 2] ^m^hmmtmmi:1]WX.fz'i^^. WIE 

(0 0 8 31 ?g?^#fbw^s^ismi;i-5t, ^fiifn^jJi 

[0 0 8 4] 3t:JIJfe«>i|TJi. Ga NS:KI-ov>Tt5iB>^U 
^WftticofiSrolM^^I-Smki^^^fls: (A 1 
G a I nN) Stfi^fflt t i l.>„ 
[0 0 8 5] 

(0 0 8 6] 's.\zifwn^u-^m<D^^m'f-\cmm-t 
^igffl-rs^tT-, mmmmmm^nmi-i>zty)^x- 

(m 2 ] :^mmmx'i^m Ltz'^^^M^^<ommmxh 

(0 51 *^ffi0->)T'tiiP^LfcU— !ftSig(??-«^')T-foSo 50 
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[0 81 :¥--^mmxtm ltz u—fmm(n-mxh^o 
m 9 1 ^mmMX'tm ltz i^—>fmm(n~mx-h^o 
[010] :^my&mxtmLtzi-—fmm<r)-MX'h 

(mil *iti(s««jr-tfte^Lfcu— iffflfitro-fjiix'fc 

(Hi 2] ^mmmxtstmLtzi^—fmrnco-Mxh 

So 

(121 3] :^mmmx'mmLtzi^-^mm(D-mxh 

■So 

(0141 *:^teiyiJl;-|ftB^ tfc ^-i'm'^oy-MXh 
[015] **J£«3j-e|jis^ Lfc I'-^mmco-mvh 

[016] *«lig^J-CljiWLfc^— r«iit(n-fi«lT-#> 

[017] ^mmmxtmLrz\^-^m'^(n-mx'h 

So 

[0 1 8 1 **te0ij-c-tftw Ltz i^—fmik(n~mx'h 

1 0 1 ♦••f-7r-f T£tg 
1 0 2--'y<^yyrM 

1 0 3---nSGa Nl 

1 0 4"'fi^mmm 

1 0 5"- I nG a NS^ftl 

1 0 6-"nSA 1 Ga Ni>y :y KS 

1 0 7'-nm^Bmm 

1 0 8-#fi»i^#pSt4Jl 

1 0 9"-pm%i5mm 

1 1 pMA 1 G a ^ :y Kg 

1 1 1 '-'pm^^yf^^ hm 

1 1 2---nSS11 
1 1 3-^^81 
1 1 4 ••• pSaffi 

3 0 

3 0 2 - -^^ >y 7^ 
3 0 3---nSiGa N® 

3 0 4-^ft}rnM)i» 

3 0 5--nSGa NS^ffic^HttJ^fR 
3 0 6-1 nGa NSfiScBrii 

3 0 7--;*fi«lMJi±$r^:fetcML7t I nGa NSfiK 

3 0 8--nSA 1 G a Ni' 7 :y KS 

4 0 

4 0 2 -i&,i^^<yyrM 

4 0 3 - -G a NSi 

4 0 4--S i O^^ftjfpSijSi 
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4 0 5 I no.i G ao.i. NB^ 
4 0 6---Alfl.i5 G a 0.85 NH 

4 0 7 '-mm^mfi^h^c^m^ 

5 0 1 '-mm 

5 0 2'-y<yyrM 
5 0 3-nSlGaNJI 

5 0 4- -n^Sl-JcOA I o.tn GaoH. N ^ 9 KH 
5 0 5--nMG a N^ett$S 
5 0 6-- I nG a NfStt® 
5 0 VTzfa y^M 

5 0 8--pMGa rnti^mm 

5 0 9--pS^A I0..5 Gacs N ^ ^ :x KS 

5 1 0-fiicfiWl*'JBi 

5 1 1 -pS I nGa Nff/xEftl 

5 1 2-pMG a N^iy^J?^ M 

5 1 3"'nM=^>:5^i5' VW& 

5 1 4-«fe^m 

5 1 5--*pM=3>^^ Mils 

6 0 1 •••Sffi 

6 0 2- v^-/ y'rS 

6 0 3-"n§|G a Nl 

6 oA'-fiimmm 

6 0 5--- I nG a NH/5)c«:l 

6 0 6---nSA I Ga N^y-y KS 

6 0 7-nSlG a N^fgiSH 

6 0 8 I n G a N^aft^#FSt4B 

6 0 9-- pSiG a NTteiSa 

6 1 O- pMA \ GaNi^ =7 y Vm 

6 1 1 --pSG a N^iV-^^^ M 

6 1 2--nM=i>'^:^ h®® 

6 1 3-*fe^tBi 

6 1 4-p^3yi5^^ vmM 

7 0 1 --S® 

7 0 2--/<:y 7rli 

7 0 3"-n®Ga NS 

7 0 4-^fiWl$lJlii 

7 0 5-- I nGa NS^SSS 

7 0 6 •■■ nSlA 1 G a N:i7 ^ KH 

7 0 7---niiGa NTtfeM/i 

7 0 8 I nGa N^fiftT-^Fftttl 

7 0 9-"p§!iGa nitBmm 

7 1 0 p MA 1 G a N 7 K® 

7 11 --pM^i hH 

7 1 2--nS=iy^'^' Mill 

7 1 3--ifilSfli 

7 1 4--pSi=^>^<^^ Mill 

8 0 \'-&m 

8 0 2 •••/^ y 7rli 
8 0 3---nSG a Ng 

8 0 4 e^'-i^mmm: 
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8 0^4 b-'f^^mmB: 

805 -nSl nGa NS/^feftl 

8 0 6--nSA \G 3.n^y yVM 

8 0 7---nMG a N^fe^^a 

8 0 8-- I nGa N ^a^^-^F^gl*® 

8 0 9-pSGa N^fiiSa 

8 1 O--- p^A 1 G a 7 :v Kl 

8 1 1 -pSi 1 nG a NS 

8 1 2---pi^::iy^^ hS 

10 8 1 S'-nm^^y^ ^ Mils 

8 1 4-"^mm 

8 1 5"-pm^y^^ MiH 

9 0 1-S« 

9 0 2 -^<yyTM 
9 0 3-nMG a Nl 
9 0 4 a-(ifiicft«]$ljlli 

9 0 4 b-im&mm 

9 0 5---nM I nG a NS/SftS 
9 0 6---nMA 1 G a N^y :y KS 
20 9 0 7- -nMG a N^ettSl 

9 0 8 - I n G a N^M4^-#FStta 
9 0 9 --pMA 1 G a ^ y KH 

9 1 o*-p®G a NitBmn 

9 1 1 •••pMG a N^iy^i!/ hm 
9 1 2-nm=^y'S'^ Mi® 
9 1 3---$fei^SI 

9 1 4---p®=^>'i^i:7 hfli® 

10 0 1 --G a NStS 
1 0 0 2-/<.y 7tS 

30 1 0 0 3--n®G a Nl 
1 0 0 4'-f&S:mm 
1 0 0 5-- I nG a Nfff^g*! 
1 0 0 6-nMA 1 Ga N^y Kl 
1 0 0 7--nMGa NTt^jtl 
1 0 0 8 •■• I n G a N^mi:^-#^ffittl 
1 0 0 9-*-pS!G a NJt^MSl 
1 0 1 O--- pMA 1 G a N^ V K1 
10 11 •••pMG aN:3>^^^ M 

1 0 1 hmm 

40 10 1 3---*feStBi 

1 0 1 4--'pm^'^^ ^ MiH 

110 1 --G a N&U 

1 1 0 2 "y<yyrM 

1 1 0 3---nSGa Nl^ 

1 1 0 4--nSA I 0.5 Gaosa N ^ 7 :y Kl 

1 1 0 5--G a N^e^l 

1 1 0 6 ••• I n G a N^fi*i^#FS14g 

1 1 0 7--^^ y rya -/^l 

1 1 0 8---PSG a NptfeiSl 
50 1 1 0 9--pSA 1 0..5 G a 0.85 N ^ ^ «y KS 
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1 1 i 0'-fi/i.mmm 

1 1 1 1 I n G a NS^fil 

1 1 I 2 - pSlGa N=^y^^ hm 

1 1 1 3--nS?ltffi 

1 1 1 4'"imm 
1 1 1 5-"psym<s 

12 0 1 ••G a NSffi 
1 2 0 2-'y<yyTM 

1 2 0 3--nMG a N® 

1 2 0 4'"fi^&mm 

1 2 0 5-- I nG a NS/7!cftl 

1 2 0 6*--nMA 1 G a N:^ 7 Kg 

1 2 0 7-nSGa NTfefeDKS 

1 2 0 8 - I n G a Nl^aft^-^FfStSg 

1 2 0 9"-p§yG a NTtejfeS 

1 2 1 O--- pSiA 1 G a 7 :y Kg 

12 11 •••p^Ga N=i Vi^'^ hg 
1 2 1 2- -nSl=^:/i5'i^ SSffi 

1 2 1 3--$fe^BI 

1 2 1 4'-p§!i^>^^:i^ hmti 

13 0 1 -G a NSIS 
1 3 0 2---/<:y7rl 

1 3 0 3---nSiG a Ng 
1 3 0 4 a-;*fi}rnftjiJ^ 

1 304 b-ji^mmm 

1 3 0 5--- 1 n G a Nff/Scftg 

1 3 0 6--nMA I G a :y Kg 

1 3 0 7-n^GaN*iSttig 

1 3 0 8-1 nGa N^a*^-#Fffittg 

1 3 0 9--- pS^G a Niti^mm 

1 3 1 0-"pMA 1 G a 5 '7 Kg 
1 3 1 l---pSGa N=i:/^i5^ Kg 
1 3 1 2--'nm^y9^ hm^ 

1 3 1 3--mBm 
1 3 1 4'-pm=^y^i:^ 

14 0 1 •••G a NfilS 
1 4 0 2---/<:y 77g 

1 4 0 3--nSG a Ng 

1 4 04 a-f&mmm 
1 4 04 b-fi^mmm 

1405---nSiInGa NS^/$ftg 

1 4 0 6---nMA 1 G a 7 :y Kg 

1 4 0 7-nSGa N^etSg 

1 4 0 8 I n G a N ^SST-^FSttg 

1 4 0 9-pMGa Nit&mS 

1 4 1 O--- p5!A 1 G a ^ >y Kg 

1 4 1 l-.p^I nGa NS/SSg 

14 1 2--'pSGa N=i>^^ hm 

14 1 3' -nSi3>'^^ hmffi 

1 4 1 4-'$fei^M 
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1 4 1 S'-'pS^' Vi^^ hfl;ffi 
1 5 0 1-Ga NSS 

1 5 0 2 -y<yyrm 

1 5 0 3-"nMG a Ng 

1 5 0 4 a --fiScftWlSiJUf 

1 5 0 4 b-'/^KSffllMBS 

1 5 0 5- ' I nGa Nff/j)cSg 

1 5 0 6 n SA I G a N 7 -7 Kg 

1 5 0 7---nSi7t;^'-r Kg 

10 1 5 0 8 -^aa^-^Fstti 

1 5 0 9'-pmitif^ Kg 

1 5 1 0-pSlA I GaN^^y Kg 

15 11 -pS^i^^^^ hg 

1 5 1 2--n®=i>^^^ h«® 

1 5 1 3---fjfe^^ 

1 5 1 4'"i)M=^y^ ^ hM^ 

16 0 1 -G a N£« 

1 6 0 2-'y<yyrM 

1 6 0 3--n®G a Ng 

20 1 6 0 4-"f&mmm 

1 6 0 5'- I nG a Nff^ftg 

1 6 0 6- riS^A 1 G a N^^ :y Kg ' 

1 6 0 7 ■••n^G a Nit&WiM 

1 6 0 8- I nG a N#m*^#Fffittg 

1 6 0 9-pSGaN*ejftg 

1 6 1 0 p Ma 1 G a N ^ ^ y Kg 

16 11 ■••pSG aN=iy^^ hm 
• ' 16 1 2--nM=i>^^ hW.&i 

1 6 1 S'-mmm 

30 16 1 4-"pm='y^ ^ Miffi 

17 0 1 •••G a NStS 
1 7 0 2 '"y<yy7m 

1 7 0 3--nSG a NBI 

1 7 0 4--'nSiA I0..5 G a 0.85 N ^ 9 :y Kg 
1 7 0 5--Ga N^i^mm 
1 7 0 6 - I n G a N^a»^-#FSttg 
1 7 0 7"'^^^JTyay^m 
40 1 7 0 8"-pSlG a N^feUgg 

1 7 0 9 - pSiA I0.15 G a 0.8.5 N ^ :y Kg 

1 7 1 o-f&^m\m 

1 7 1 1 I nGa NS^ftg 
1 7 1 2--pSG a N^y^?^ hg 

1 7 1 s-'-nmnm 

1 7 1 4-$fe»Si 

17 1 5-pS«11 

18 0 1 • -G a NStS 
1 8 0 2' 'y<yyrm 

50 1 8 0 3---nSGa Ng 



18 0 4 

18 0 5 

18 0 6 

18 0 7 

18 0 8 

18 0 9 

18 10 

18 11 

18 12 
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••I n G a NHljjcftH 
••nS!A 1 G a N ^ ^ 7 

"nmc a Nit&mm 

•■I nGaN#fifti^#Fet4^ 
-pS/Ga N*effi5S 

pSA 1 G a N ^ ^ KS 
-pMGa N=i:/i5?^ ha 
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* 1 8 1 3'--mtmM 

1 8 1 4-pm=^yff ^ hill 

M 1 • • • ^ft «l»JBi ^ H^ft n Si 1 n G a N S U 
M2-;7)cft«l»M^Sfi!tfinSl nGa NiiT&^acSLfc 
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